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PREFACE 


This paper presents the results of what was originally a study of 
36-hour and 3=day height tendencies at the 500 mb level. This study led 
into further investigation on the relationship between sea level and 500 mb 
waves» The objectives of tho paper were: first, to determine how these 
tendencies were correlated with other selected variables at 500 mb; secondly, 
to determine how far in advance and under what conditions regression equations 
for determining these tendencies are valid; and thirdly, to study the intere 
cependence of 500 mb and sea level waves with special emphasis on their 
periodicity. 

This paper was prepared at the Ue Se Naval Posteraduate School, 
VWonterey, California during 1950 in partial fulfillment of the requirement 
for the degree of Master of Science in Aerologye 

The author wishes to ackmowledge the many hours of valuable assistance 
and guidance given by Associate Professor Frank L. Martin of the Aerologsical 


kngineering staff. 
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with the ever increasing number of aircraft flichts at Kieher and 
higher altitudes and the desire to more clesely correlate the prognostic 
charts for various levels has come the need for more accvrate means of 
forecasting the movement of troushs and ridzes at upper levelse The ob» 
jective of this project was to provide forecastins tools wnich would eid 
the prognostication of the 500 mb chart in the vicinity of a single stations 
The investiration was carried out on a purely statistical basis with no 
dynamic or kinematic treatment involvede 

The 500 mb level was chosen because it is hicn enoush that movements 
of waves are fairly regular and some of the smaller fluctuations are absent; 
it is not so hich, however, that reports become more scare due to Radiosonde 
failurese Other investicetors have struepled with this sere old meteorolosical 
problem of attempting to prornosticate upper and sea level wave patterns as 
far into the future as possibles 

Aime and Johnson [1] » who were concerned with making a Z=aday prognostic 
6<ilometer chart, made the follovwine statement in their paver on the pre~ 
paration of lons range forecasts: 

In reneral, it is reasoned that in areas Where pressures are above 

normal and where the pressure changes for the past 72 hours have - 

been positive over the same areas, the pressures will fall in the 

next Je hours as much as they rose in the last 72 hours. Nerative 

changres and departures from normal are considered in a similar 

manner 
Since the 6=l:ilometer and 500 mb levels are quite close to each other, their 
line of reasoning should also hold for height tendencies at 500 mbe The 


aoove rule would work best for trouchs and ridces which are symmetrical 


apnout their centerekline and have no accelerations 


(1) 








The Krick [5] method of long range forecasting by the use of weather 
types' depends, basically, upon major frontal passages at the surface every 
6 days with minor passages every 3 dayse It would be logical to assume that 
trough passages aloft would have approximately the same periodse If these 
3 and 6-day periods can be applied at a single staticn for certain lengths 
of time and with a reasonable accuracy, at least a start has been made toward 
the building of forecast tools for the 500 mb levels 

The first investigations carried out in this study were more or less 
checks on the reliability or the two methods mentioned above when applied 
to a single statione These in turn led to further rescarch to see just how 
far and with what accuracy tendency equations could be oxtended, The answer 
to the last problem appeared to depend to a great oxtent on the periods of 
the waves found at the 500 mb levele A desire to find out what effect 500 mb 
trough passages had on sea level frontal passages and vice versa led to the 
final study of the relationship between weve periods and ranges at these 


two levelse 
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II. SELECTION OF A STATION FOR STUDY 
AND THE SOURCES OF DATA USED 

Columbia, Missouri (station number 445) was selected as the reporting 
staticn to be investigated. It is located at Latitude 39N, Longitude 92li 
and has a station elevation of 785 feet. Columbia was selected because it 
normally lies in the zone of upper westerlies, is considerably removed from 
any large body of water, and is far enough from the Rocky lountains to be 
free from any *lee-side' trough effect that might possibly extend as high 
as the 500 mb level. 

The period covered by this study extended from October 1, 1948 through 
September 30, 1949; however, the greatest portion of the research was carried 
out for the six months from October through Marche This was done because of 
the greater intensities of troughs and ridges during this period than during 
the other half-year. 

All of the Radiosonde reports used in this study were taken from the 
Daily Upper Air Bulletins [3] and are unedited data. As a whole the reports 
appearod to be quite consistent, and there were very few gaps in the research 
period due to missing data, 

The approximate times of sea level trough and frontal passages used in 
the latter part of this investigation were obtained from the following sources: 

le Postgraduate School Staff Analysis, 
2, WBAN Facsimile Transmissions, 
Je WBAN Daily Series of Synoptic Charts for January and February of 


1949. 
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III. TECHNIQUE OF TVESTIGATION 


ls Formulation of the Tendency Equations 

For each of the daily soundings talzen at 0300Z and 1500Z the surface 
pressure and temperature and the 500 mb height, temperature, and wind 
velocity wore recorded over the year to be studied. This data was then 
further broken dorm into seven variates which were investigated using 


strictly statistical procedures, These variates were labeled as follows: 


X, Weight tendency at 500 mb for the past 3 days. 


Deviation of the 500 mb height from the long term monthly normal, 


ns 


Xz Heisht tendency at 500 mb for the following 3 dayse 
X, Temperature chanre 2t 500 mb for the past 3 dayse 
Xe Deviation of the 500 mb temperature from the long torm 


monthly normale 
X, Height tendency at 500 mb for the past 36 hourse 


X, Weight tendency at 500 mb for the following 36 hourse 


Wind velocity was omitted because preliminary scatter diagrams revealed 
that neither Westehast nor NortheSouth wind components had any appreciable 
correlation with the above variatese 

The long term monthly normals for Columbia were obtained from Normal 
Weather Maps, Northern Hemisphere Upper Level [6]. The values given in this 
‘series of charts were for pressure and temperature at the 20,000 ft. level 


and had to be converted to normal heishts and temperatures at the 500 mb 


(4) 








levele ‘theso conversions were made using, tables constructed by Bellamy [2]. 


Table 1 gives the long term normal heights and temperatures used in this 


studye 
TABLE 1 
MONTH HEIGHT (FT) TEMPERATURE ( C) 
January 18200 =22 
February 18150 =23 
March 18410 ~21 
April 18610 =19 
May 18860 “15 
June 19160 = 9 
July 19360 ~ 9 
August 19310 = 8 
September 19160 =» J 
October 18860 ~14 
November 18560 =18 
December 18260 =23 


200 mb Long Term Normal Heights and Temperatures 


for Columbia, Missouri 
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The Aime and Johnson rule was first tested for 36-hour and Jada 
heicht tendencies on either side of trough and ridge pasrases at Colunbia. 
This investication was carried out for the winter season only but should 
vield comparable results for summer as well, A timecranh of the 500 mb 
heishts was made to facilitate the deternination or times of troucsh end 
ridse passaves. Any wave with a range sreater than 200 feet was considered 
to be sirnificant enourh for study. This limitation does not anpear to be 
inconsistent wher. account is taken of the diurnal variation of 135 feet 
which was calculated for Columbia for the winter season under considerations 
Simple and multiple correlations were run for variates X,, Ko 3 Res Ke and 
Kay and the corresponding regression eavations for height tendencies were 
formed 

Since the correlation (for trourhs and ridges) between the vast 36-hour 
heicht tendency and the following 36-hour height tendency (Xg and X7) was 
quite encovrasing, it was decided te examine all 0300Z winter reports using 
these same two variates. Only the ore time was used in this study in order 
to eliminate any possible diurnal effects, Actually, this amounted to a test 
of how closely the waves at 500 mb fit a pattern that has sinusoidal waves 
ond a 3eday periods 

Correlations were next made (using all of the data divided into summer 
and winter seasons) between the nast Zadee he aie tendency and the followins 
deday heicht tendency (X and Xz )e This amounted to a test of a sinusoidal 


wave pattern with a beday periods 
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With the idea in mind that temperature changes at the 500 mb level 
should give some indication of the type of advection taking place at 
higher levels, the past 3=day temperature change was correlated with the 
following 3-day height tendency for all winter reports (Xz and X4)e 

Finally, height tendencies for the following and past 36 hours and 
4 days were correlated with the deviations of the heishts from the long 
term monthly normals (Xj, Xz Xg, and xy against X5). The 3-day ten- 
dencies were also correlated with the deviations of temperature from the 
long term monthly normals (Xj and Xz arainst X5 )e The results of these 
tests were found to be good enough to warrant multiple correlations between 
these variatese Simple and multiple regression equations were formed for 


any variates which had a correlation coefficient greater than 0.50. 
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2e Relationships Between Sea Level and 500 mb Waves 

In order to see how the waves at sea lovel were related to those 
already studied at 500 mb, a timee-graph of sea level pressures was added 
to the one constructed previously for 500 mb heights, This made it possible 
to distinguish which troughs and ridges were clearly defined at both levels 
and which ones appeared at one level onlye 

It was decided to work with hal?=raves because, in most cases, the time 
from trough to ridge was considerably different from the time from the same 
ridge to the next trough. A complete list was made of all halfewaves; they 
were tabulated as to the time of passage of their mideperiode Thus, by giving 
the time of each mideperiod and the semi-period of each half-wave (to the 
nearest 12 hours) it was possible to identify the time of beginning and end- 
ing of all half-waves, both at sea level and at 500 mbe 

The next step was to tabulate the range of each sea level half-rmve in 
millibars and the range of each 500 mb half-vave in feet (range being the 
pressure or height difference between trouzh and ridge or ridge and trough 
of each half-wave). 

In all cases where there was definite evidence that a sea level half- 
wave could be identified with a particular half-wave aloft, the lag between 
the two mideperiods was computed. If the lag between the mid-periods at the 
two levels was greater than 30 hours the half-waves were considered to be 
unrelated. <A further limitation was imposed in that a sea level trough or 
frontal passage had to be distinguishable at one end of the half wavee Sur- 


face maps were used to determine the approximate times of these passagese 
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Thus, @ '*positive® lag means that the mid-period of the sea level half~= 
wave passed Columbia before the mid-period of the 500 mb half-wave. The 
opposite order of passage corresponds to ‘negative! lage 

A complete list of all half-waves studied during the winter season 


is given in Tables 2 through 7. 
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IVe RESULTS AND CONCLUSIONS 


le Formation of the Tendency Equations 

In the formulation of the tendency equations, all computations 
dealing with heights were carried out in hundreds of feet; this same 
unit was used for all height variates in the resulting regression 
equationse In like manner, all work involving temperatures was done 
in degrees Centisrade.s 

The results of the test of the Aime and Johnson rule were hishly 
satisfactorye The correlation obtained between the past and following 
36ehour height tendencies (X¢ and Xq) for trough and ridge lines in 
Winter indicates that this rule may be used as a reliable forecasting 
toole However, caution mist be used in avplying this rules to systems 
that are changing rapidly in intensitye 

The addition of the variate X, (deviation of height from the long 
term monthly normal) raised the correlation coefficient even furthers 
The multiple regression equation for the determination of Xq from mown 
values of X, and Xg at trough and ridge lines should be a valuable aid 
for 36-hour prognostication of the 500 mb height at Columbia. It is 
probably safe to assume that the same equation will hold reasonably well 
for nearby stations. Similar statistical studies at other stations should 
yield tendency equations that would, when used together, improve large 
areas of the prognostic chart under these particular conditions, Table 8 
gives the results of the test of the Aime and Johnson rule for 36-hour 


tendenciese 


(17) 





As was to be expected, the test of the above rule applied to 3-day 
instead of 36-hour tendencies yielded slightly poorer results, The ad= 
dition of variate X» (deviation of height from the long term monthly 
normal) gave a multiple correlation which was slichtly botter. It is 
felt, however, that the resulting refression equation provides a definite 
forecast tool. Table 9 gives the results of the test of the Aime and 
Johnson rule for 3eday tendencies, 

The correlation between *%¢ and Aq for all wintertime 0300Z reports, 
regardless of position relative to troushs and ridges, was not strongly 
Sicnificant. This would seem to indicate that, while there is a definite 
trend for 500 mb waves to have a sinusoidal weve pattern with a period of 
4 days, any attempt to use this pattern for prornostication would not be 
warranted, This does not imply that the basic assumption of the 'weather 
type' forecast method is invalide This method does not rigidly fix the 
period of surface frontal passares at 3 days nor does it require that all 
waves be sinusoidal. The results of this test are given in Table 10. 

The correlation between past and rollowing Jeday height tendencies 
(X; and Xz) for all winter date was, surprisingly enough, as good as the 
one obtained for the 36—hour tendencies during the same seasone Once 
again, this indicates that a trend for 6beday waves is present at 500 mb; 
however, the use or this period is also not warranted for accurate propre 
nostications 

The addition of variate X5 (deviation of height from the long term 
monthly normal) gave a multiple correlation which wes considerably nore 


Significant, <A multiple correlation of the following 3eday height 
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tendency arainst the temperature deviation from the long term monthly 
normal and the height deviation from the lone term monthly normal 
(Xz against X5 and Xs) was found to yield a correlation coefficient 
identical to the one obtained for XZ acainst A, and Nye The results 
ox these tests are gfiven in Table l2-. 

The same variates were tested for observations taken during the 
six summer months and found to have approximately the same correlations 
as for winter, Table 15 sives the results obtained for the surmer seasons 

The correlation between the past jedayy tenperature chanze and the 
following 3=day height tendency (Xz and x4) for all winter reports was 
auite low. The apparent poor relationshin between 500 mb teriperature 
chances and the type of advection at higher levels discourased further 
investiratvion alons this linee The results of this correlation are pre# 
sented in Table ll, 

Haurwitz [[4], who was working with symmetry points for long rance 
forecasting, came to the rollowinse conclusion: 


the phenonenon of symmetry occurs often enoush to be utilized 
in forecasting if a symmetry could be recognized upon its arrival 


However, he soes on to point out that since symmetry shows little ten- 
dency to persist, it cannot be utilized for forecasting by the time it 
is noticed in a pressure graphe 

The good correlations obtained for 36-hour and 3=dey tendencies at 
times of troush and ridge passages are, in actuality, measures of how 
close these trouchs and ridges are to being symmetricale The results of 
the investigation of heisht tendencies carried out in this study bear out 


both of Haurwitz' two conflicting statements. 
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It is possible to use symmetry considerations at Columbia, Iissouri 
for forecast periods of 36 hours, althoush this may not be true for sta~ 
tions with a different geographical location. These svrmetry characteris~ 
ties weaken appreciably, however, for forecast periods of 3 dayse 

In conclusion, the regression equations derived for 36-hour end 3-day 
forecast intervals in the vicinity of troughs and ridges are both useable 
forecast tools near Columbia, These equations are listed in Tables 8 and 9%. 
2e Relationships Eettieen Sea Level and 500 mb Vaves,. 

In order to facilitate the visualization of some of tho relationships 
between sea level and 500 mb waves, histograms of the data compiled in 
Tables 2 through 7 were constructed for certain selected sea level semi- 
periods. The six sea level semi=periods chosen for study (0.5 through 
205 days and 365 days) represent 85 out of the 90 half=waves investigated 
in this papers 

The histograms dravm for each of the selected semi-periods are: 

(1) Frequencies of the semi-period of the corresponding 500 mb 

half-weves divided into classes with intervals of one-half dave 

(2) Frequencies of lam divided into classes with intervals of 

6 hourse 

(3) Frequencies of sea level range divided into three classes: 

ae O to 15 mb (weak waves). 
be 15 to 30 mb (moderate waves). 
Ce Over 30 mb (strong weaves). 
(4) Freauencies of 500 mb range divided into three classes: 
ae O to 200 feet (weak waves )e 
be 200 to 600 feet (moderate waves ).« 


ce Over 600 fect (strong waves). 
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(5) Frequencies observed by months. 
These histograms are shown in Figures 1 and 2. 
From these histograms a few qualitative forecast aids can be 
formulated: 
(1) There is a tendency for sea level and 500 mb half-waves to 
have the same semi-periods.e However, the maximum number of 500 mb 
semi-=periods was observed to occur at 1.0 days, while the maximum 
for sea level half-weves occurred at 125 days. The averase semi- 
period for waves at the two levels was almost the same, as would 
be expected. Evidently several short waves at 500 mb are followed 
by an unusually long one to set the wave trains at the two levels 
back in phasée Table 14 shows the number of observations of each 
semi-periode 
(2) The averare lag between 500 mb and sea level waves is approx- 
imately +12 hours (sea level wave leads the 500 mb wave). 
(3) As a general rule, the range increases with increasing sea 
level semi=-periode This is true at both sea level and 500 mb, but 
more so at 500 mbe The correlation between sea level and 500 mb 
range for the 31 sea level semiwperiods of 1.5 days was found to 
be only O«236 
(4) The division of sea level semieneriods by months for the 
winter season studied appears to be randore 
Summarizins, this investigation determined that, althoush certain 
periodicities can be detected, it is difficult, if not impossible, to 


forecast them. Furthermore, it is just as difficult to forecast how long 
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one particular period will persiste It was found that the averare 
period for both sea level and 500 mb waves at Columbia during the 
winter studied was 364 dayss This period is in sood agreement with 
the 3=day period used in ‘weather type' forecasting but cannot be 


used for accurate day to day 500 mb prognostication. 
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TABLE 8 
Means 
X5 = -1.0536 X6 = -0.8571 Xq = 0.8036 


Standard Deviations 


Ox, 5 4.4658 Oxg = 409513 Oxq & 4.8528 


Simple Correlation Statistics 


mi 
a3 


Png = 047886 > = 0467113 Xg = 044440 


ro7 = 07890 Xz @ =008574 Xo = 020997 


67 = -0.8275 Kq -0.8110 X6, 0.1075 


Multiple Correlation Statistics 
P7426 = 028556 S7 626 mt 205041 
Kq a 00391 Xp — 00935 XE = 02065 


Statistics of 36 = Hour Tendencies for Winter 
Troughs and Ridges (Number in Sample » 56) 
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TABLE 9 
Means 
By = -003929 Xp ¥ ~1,0536 Xz 2 141964 


Standard Deviations 


Oxy 2 429449 OX5 m 403952 Oxz s 408529 


Simple Correlation Statistics 


P13 « 7005675 Xz a 005569K) 029776 
r12 = 047610 Ko 026761X, ~0.7880 
r23 = =0+7410 Xz =z =008185X 003340 


Multiple Correlation Statistics 


‘2a m 047419 °3012 - 503936 
XZ = #9 0058Ky 00] 25K5 02408 


Statistics of 3 = Day Tendencies for Viinter 
Troughs and Ridges (Number in Sample w# 56) 
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TABLE 10 
Means 
Xg = -024140 Xq # 002167 


Standard Deviations 


Ox¢ - 32/024 Ox7 = 326542 


Simple Correlation Coeficient 


T67 4 =0 04319 


Statistics of 36-Hour Tendencies for all 03002 Data 
in Winter (Number in Sample »# 157) 
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TABLE 11 


Means 


x # ~9.1300 X4 = 0.0030 


Standard Deviations 


Gx, m 41093 Ox, 2 526098 


Simple Correlation Cocfficient 


a ne #0 92345 


34 


Statistics of Past 3-Day Temperature Chanze 
and Following 3-Day Height Tendency for Winter 
(Number in Sample «= 300) 
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TABLE le 


Moans 


= Ee ei 


X, = =0 21167 X, ® 040700 Kz = ~01300 Xs = 1.5700 


Standard Deviations 


Ox, = 309870 Ox» m 3.4184 Oxz m 441094 Oxs m 424755 


Simple Correlation Statistics 


¥13 = 7003385 

Pz9 3 005738 Xz 2 -0.6898X2 - 0.0818 
ro * 0.6172 Xp © 005292X, 0.1318 
Pog = 007594 X5 # 065803X5 = 0.8411 
Ts5 3 004215 


Multiple Correlation Statistics 
Mgid = 045742 "2p Ss 303645 
Xz m 00026K1 = 00696Xy = 0.078 
3 425 = 025742 53.25 7 303645 
Xz = 02050Kr ” 0.718X5 ~- 0,127 


Statistics of 3=Day Tendencies for all Winter Data 
(Number in Sample = 300) 
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TABLE 13 


Means 


Ky, = 060259 Xp F 002529 4, # 061063 5 * 066351 


Standard Deviations 


Ox, 2 263186 Gxo % 1.9429 Ox; = 205250 Ox va 2 66623 


Simple Correlation Statistics 


r13 nm ~0-3118 


go eee 475 Xz mw 9006552Kq = 000594 
r10 = 0.6196 Xo mw 065192Kz ~ 022663 
ros = 006732 Xo = 004913X5 = 025649 
Pz5 = 7003737 


Imltiple Correlation Statistics 
“3512 2 025485 Pat le 2 109439 
Xz = 00045%, - 02680X, = 0.069 


Statistics of 3-Day Tendencies for all Summer Data 
(Number in Sample s 348) 
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TABLE 14 


Semi-Period (Days) Sea Level Frequency 500 mb Frequency 
Owed 7 ll 
1,0 1 27 
Led oA 18 
200 ay i 
Qe? LO ura 
40 2 4 
36) 2 i 
440 = 2 
405 0 1 
500 L ie 
ie 0 0 
640 0 L 
605 oe Ja 

Total 90 90 
Average 1e71 lel} 


Number of Observed SemiePeriods at Sea Level and 500 mb 
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